Abstract
Introduction
When the text is printed or written on plain background, the text can be extracted by simple binarization of the image. Such documents can be easily converted to electronic form using an OCR system [1] . However, in realistic the noises appear frequently and occur due to several reasons which range from the acquisition source type to environmental conditions [2] .
Traditional methods for denoising can be grouped into two categories: either global or local. In a global approach, a single threshold was selected, and the pixel whose value is less than the threshold is regarded as noisy pixel. Global thresholding has good performances in case that there is a good separation between the text and the background. However, document images are exposed to degradations that weaken the separation. Therefore, local approaches are more popular because it may guide denoising for each pixel using local thresholding technique [3] .
Among all local approaches, mathematical morphological is a theory and technique used for the analysis and processing of geometrical structures [4] . It is most commonly applied to digital images, but can be employed as well on graphs, surface meshes, solids, and many other spatial structures. The document image denoising methods based on mathematical morphological operators have achieved great success. However, the number of pixels in a large document image (such as a scan image with resolution more than 300dpi [5] ) is too large to fast processing, therefore, we proposed a fast morphological calculation method.
In this paper, the packed binary (PB) format was introduced to represent binary images. The PB format use uint32 word to represent 32 binary pixels simultaneously. Besides, source word accumulation (SWA) was used to realize the dilation and erosion operations of packed binary image (PBI). This proposed method can be used to hasten all morphological operations since they can be treated as the combination of dilation and erosion. The structure of this paper is organized as follows: next section 0 introduced the flowchart of our proposed denoising method; section 0 presented the fast calculation strategies based on PB format and SWA method; experiments in section 0 validate that our proposed method is more rapid than traditional method; final section 0 is devoted to conclusions.
Denoising Procedures
There exist a lot of denoising methods based on morphological operators. Here we proposed a hybrid method. First, use the Otsu's method [6] which chooses the threshold to minimize the intraclass variance of the black and white pixels, to binarize the scanned image. Second, use two dimensional median filter [7] to reduce the pepper & salt noises left. Third, use open and close operator to eliminate the remained noises. The whole procedures are illustrated in Fig.   Fig 1. Illustration of the flowchart of the proposed denoising method
Otsu's Method
The Otsu's method searches for the threshold that minimizes the intra-class variance which is defined as the weighted sum of variances of the two classes [8] .
Weights ω i denotes the probabilities of the two classes separated by a threshold t, and σ i 2 denotes the variances of these classes. Otsu has proven that minimizing the intraclass variance is the same as maximizing interclass variance [9]  
Which is expressed in terms of class probabilities ω i and class means μ i , which in turn can be updated iteratively. Formula (2) is simpler than formula (1), therefore, we usually maximize it to get the Otsu's threshold. The procedures of Otsu's method can be depicted as follows:
Step 1 Compute histogram and probabilities of each intensity value;
Step 2 Set the initial value of ω i (0) and μ i (0);
Step 3 Loop for all possible thresholds t
Step 3. The median filter is a nonlinear digital filtering technique, often used to remove noise. It is very widely used in digital image processing because under certain conditions, it preserves edges whilst removing noise [10] . The main idea of the median filter can be seen in Ref. [11] . When the window moves to the boundary, it will meet missing values. There are some common ways to handle missing pixels [12] . I) Assume the pixels outside the boundary to have value zero; II) The pixels outside the boundary are computed by mirror-reflecting the image across the border; III) The missing values are assumed to equal the nearest border value; IV) The missing values are computed by circulating the image, viz., assuming the image is periodic. Fig(a-d) illustrates the four methods.
In essential the aforementioned methods predict the missing values using different ways, however, predicting means error. Therefore, a window-shrink method was introduced to solve boundary issues. The idea is to shrink the size of the window so that the window will not cover the outside of the images. Fig(e) illustrates the window-shrink method.
Morphological Operators
The basic morphological operations are dilation and erosion. Let I represent a binary image and S represent a structural element (SE). Both I and S have an origin; the origin of S is referred to as its center by convention. Then the dilation  and erosion ○ -can be defined as follows [13] 
The open and close operators are the combination of dilation and erosion. Opening is the dilation of erosion of image I by a structure element S, as a dual operator, closing is the erosion of dilation of image I by S. Their formula are defined as
3. Acceleration Strategy
Packed Binary Image
Many available image processing programs treat binary images as a matrix of original size with uint8 class (8bpp), and uint32 class (32bpp). Those are inefficient in space storage and computation complexity. Each pixel in a binary image has only two possible values, either 0 or 1, therefore, we can map a group of 32 pixels into one uint32 word [14] . Suppose the size of original image is M×N, the transformed image is M×(N/32). In order for 32-bit shift operations to move naturally across 32-bit boundaries, the packed data must have the most significant byte at the left. The byte order from left to right in a word is then 3-2-1-0 on little-endian machines, conversely, the byte order from left to right is 0-1-2-3 on big-endian machines . Fig gave a simple illustration of packing an 8×32 binary image into a 8×1 uint32 class. In next section, we will discuss how to perform dilation and erosion operations on the packed binary image. 
Source Word Accumulation
For the packed binary image, we can use word-sized partitioning approaches such as SWA method. Where ω covers all indices (i, j) where j mod 32 = 0. It should be noted that the implementation of equation (9) needs following two points: I) the initialization of the destination image are set to all ON, II) the unaligned 32-bit segments that are ANDed should be masked [15] . The dilation and erosion based on SWA shown in formula (8)- (9) are more rapid than traditional method shown in formula (3)- (4), since each perform of uint32 word of PB format can deal with 32 pixels simultaneously.
Experiments
The experiments were carried out on the platform of Windows XP on desktop PC with Intel Pentium4, 3GHz processor and 2GB memory. The algorithm was developed via Matlab 2010b.
Morphological Operator
In first experiment we focused on the time comparison of dilation and erosion. 30 noised background images with different sizes are selected, and erosion operations were performed on each image. Each algorithm was run 100 times to reduce random disturbance. The results are illustrated in We use 1000 realistic scanned image for test, and a typical denoising result was chosen in Fig,  indicating that our method achieve satisfying denoising results on realistic scanning image. Note that the denoised result removed the noises efficient with preserved the style and quality of thin strokes.
Afterwards, we cropped a series of squares of different width from realistic images, and compared our method with fast calculation strategies to without. The curve of computation time versus the width of cropped realistic scan image is shown in Fig. It indicates that the average denoising times with acceleration are only 82.32% of those without acceleration, i.e., it reduced the time by 17.68%. Note that the acceleration factor of computation time of the denoising is not as obvious as of dilation and erosion, the reason lies that the denoising procedures contains Otsu's thresholding and median filter steps which can not be hastened. 
Conclusions
In this paper we proposed a hybrid document denoising method, and introduced in fast calculation strategy based on PB format and SWA method. The experiments demonstrate the denoising method is effective, and the acceleration strategy only costs 18.92%, 18.57%, and 82.32% time of the one without acceleration on simple erosion, simple dilation, and denoising method, respectively.
In the future, we will apply our method on other industrial methods such as extraction of region of interest [16] , image classification [17] , protein folding [18] , image registration [19] , and image fusion [20] etc.
